ABSTRACT
1. INTRODUCTION Isotope anomalies in chondrites provide us with a wealth of information on stellar nucleosynthesis prior to solar system formation. New developments in mass spectrometry have made possible the measurement of anomalies in the ratio of slow neutron-capture process (s-process) to rapid neutron-capture process (r-process) isotopes for Mo (e.g., Yin et al. 2002) , Ru (Papanastassiou et al. 2004 ), Ba (Ranen & Jacobsen 2006) , and Os (Brandon et al. 2005) . These anomalies were interpreted either in terms of an inhomogeneous distribution in the solar nebula (e.g., Yin et al. 2002) or in terms of the selective dissolution of presolar grains that carried large isotope anomalies (Brandon et al. 2005) . New results confirm that primitive chondrites retain both excesses and deficiencies of s-process Os (Reisberg et al. 2007; Yokoyama et al. 2007 ) and that metamorphosed chondrites (Brandon et al. 2005) or alkaline fusions of primitive chondrites (Yokoyama et al. 2007 ) yield Os isotopically identical to that of the Earth. These results imply that acid-insoluble, presolar grains carry enough Os to influence the bulk isotopic composition of Os in chondrites, the recovery and individual analysis of which should reveal important clues to s-process nucleosynthesis in the W-Re-Os region. Currently, individual isotopic analyses of presolar grains for Sr, Zr, Mo, Ru, and Ba are available (e.g., Nicolussi et al. 1998; Lugaro et al. 2003) .
Nucleosynthesis in the W-Re-Os region is of particular interest for s-process studies due to branching at 185 W and 186 Re (Fig. 1) (Takahashi & Yokoi 1987) and are therefore good indicators of neutron density in the s-process (Käppeler et al. 1991; Brandon et al. 2005) . Employing the j n values of Bao et al. (2000) , Brandon et al. (2005) inferred neutron densities that were 2-4 times higher than canonical solar system values (Arlandini et al. 1999 ) from s-process anomalies in chondrites. Exploring the role of variable neutron density in the s-process depends heavily on accurate j n values for the osmium isotopes.
Recently, Mosconi et al. (2006) reported a new set of j n values for 186, 187, 188 Os isotopes that significantly lowered j n ( 188 Os) by 27% from the recommended value (Bao et al. 2000) . Unfortunately, Mosconi et al. (2006) e Os p Ϫ 1 # 10 ,
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( Os/ Os) ssa where x denotes the isotope mass and ssa denotes the solar system average Os isotope composition determined from equilibrated chondrites (Brandon et al. 2005) . Os is 1.00 from 5 to 20 keV but increases to 1.02 at 30 keV (Bao et al. 2000) . Thus, the effect of the SEF would decrease our j n ( 190 Os) by 2% at 30 keV. However, since the calculated j n is based on natural data, and since the thermal energy at the site of the s-process is estimated Os ratio as a function of neutron density with the recommended MACSs (Bao et al. 2000 ; dashed curve) and with the new MACSs (Mosconi et al. 2006; solid curve to be 8 keV with a marginal contribution at 23 keV (e.g., Lugaro et al. 2003) , the effect of SEF is not included in Table 1 . Holmes et al. (1976) , with the ratio derived by inversion of the chondrite data (0.859 ‫ע‬ ). The recommended values of Bao et al. (2000) reproduce 0.042 the observed slope within uncertainties (Fig. 2) ; however, Mosconi et al. (2006) give a j n ( 188 Os) value that is 27% lower than that of Bao et al. (2000) . Thus, we predict that new measurements for j n ( 190 Os) should yield a value 20% lower than given by Bao et al. (2000) at 30 keV. here from geochemical measurements beyond the energy range applicable at the s-process sites should be viewed with caution. This is pertinent to stellar models of s-process nucleosynthesis (e.g., Arlandini et al. 1999) , which may require new laboratory measurements of the MACSs for isotopes in the W-Re-Os region over a large range of thermal energies to enable better interpretations of the Os isotope data that have become available (Brandon et al. 2005; Reisberg et al. 2007; Yokoyama et al. 2007 ).
Neutron Density in the W-Re-Os Region
Brandon et al. (2005) noted that the slope of the canonical solar system s-process calculated from both the classical s-process analysis and a stellar model (Arlandini et al. 1999) on an e
186
Os versus e
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Os plot is too steep to explain their chondrite Os isotope anomalies. They reconciled their data with the solar system s-process by proposing that an insoluble s-process component existed that had experienced an average neutron density that was 2-4 times higher than that of the average s-process in the solar system. We have reassessed the neutron density from the s-process branching at Os ratio is shown as a function of neutron density in Figure 3 for the recommended j n values (Bao et al. 2000) and the new j n values (Mosconi et al. 2006 Os ratio at a given neutron density calculated with the new j n values is systematically 35% lower than with the previous values. The neutron density calculated from the classical s-process approach (Käppeler et al. 1991; Sonnabend et al. 2003 Os (0.545) endmember obtained from the chondrite Os isotope anomalies and the curve obtained using the new j n values (Mosconi et al. 2006 ) yields an average neutron density of ∼ cm Ϫ3 for s-process Os. sical approach are shown on the Bao et al. (2000) MACS curve (Fig. 3) . Application of a stellar model with the new MACSs is needed to better estimate the neutron density in the W-ReOs region.
DISCUSSION AND SUMMARY
The new isotope anomalies being reported from primitive chondrites (e.g., Brandon et al. 2005; Ranen & Jacobsen 2006; Yokoyama et al. 2007 ) for heavy elements place stringent demands on j n values for use in s-process studies. The importance of the present work is in showing that geochemical measurements of isotope anomalies can provide reliable constraints on the ratios of j n values (the parameter more relevant to chondrite isotope anomalies than the absolute j n values) for any pair of nuclides where no branching occurs in the s-process flow. New and precise measurements of the j n values are then required mostly for those nuclides that take part in the s-process branches.
There is no single neutron density that characterizes the entire s-process. The stellar models of Arlandini et al. (1999) show that the neutron densities range from 10 7 to 10 10 cm (Fig. 3 ) are also consistent with this interpretation.
The currently available Os isotope anomaly data (Brandon et al. 2005; Reisberg et al 2007; Yokoyama et al. 2007 ) are consistent with a relatively homogenous mixture of s-process neutron densities for all aggregate presolar Os carriers. This is particularly evident when comparing bulk chondrite anomalies (Brandon et al. 2005) with Os extracted by thermal combustion from acid-resistant aggregates of presolar grains (Yokoyama et al. 2007 ). However, the prospect remains that among the acidresistant mineral phases that host isotopically anomalous Os, new anomalies may be found that sampled nucleosynthetic environments in which the freezeout of the s-process occurred at different neutron densities than the solar system average sprocess. Thus, Os will remain the target of future isotope studies. A particular emphasis is needed for Os isotope measurements on individual presolar grains. In summary, the ratio of j n values in the s-process can be determined for any pair of nuclide abundances that have substantial s-process contribution from observed isotope anomalies provided that there are no intervening branches along the sprocess pathway. In this study, we obtained j n ( 190 Os)/j n ( 188 Os) p 0.859 ‫ע‬ 0.042, in agreement with previous experimental determinations (0.71-0.84) and with comparable precision ‫.)%5ע(‬ This result requires that a lower value of j n ( 190 Os) p 249 ‫ע‬ 18 mbarns than the currently recommended value (Bao et al. 2000) should be used with the new j n ( 188 Os) (Mosconi et al. 2006) , and this result also provides impetus for future measurements of the j n values for all Os isotopes. The revised Os j n values were then used to obtain the average neutron density in the stellar sites of the solar system s-process, n ∼ n cm Ϫ3 , employing the classical approach. The low neu-8 3 # 10 tron density obtained for the solar system s-process 186 Os/ 188 Os ratio implies a marginal activation of the 22 Ne(a, n) 25 Mg source, consistent with previous results for Sr, Zr, Mo, and Ba isotopes (Lugaro et al. 2003) .
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